The apifauna of an araucaria forest in southern Brazil was studied during 2001 -2003, using entomological nets on flowering plants. A total of 2,749 individuals were sampled from five subfamilies and 93 species of bees. A total of 82 species with up to 10 individuals were sampled and 29 species had no distribution for Santa Catarina. Non-corbiculate Apidae and Halictidae species predominated as well as individuals of corbiculate Apidae and Halictidae. There was a decrease in species richness in cold seasons, being then sampled only Augochloropsis sp. 01, Augochloropsis sp. 10, Exomalopsis tomentosa, Neocorynura aenigma, Paroxystoglossa brachycera, Trigona spinipes and Apis mellifera. A bivoltine pattern was noticed, with a peak in May and in September-November, for richness and abundance. Ecological indexes over the months were different with and without A. mellifera. The bee accumulation curve remained in elevation until the end of sampling. The richness estimators indicated values of 142 and 175 species. The bee species were sampled on 125 species of plants of 40 famillies and the most visited were Asteraceae, Fabaceae/Solanaceae, Euphorbiaceae/Lamiaceae, Malvaceae/Rosaceae and Commelinaceae/Cucurbitaceae/ Liliaceae/Verbenaceae. A total of 48 species of plants characteristics of araucaria forests were sampled. Keywords: Apifauna; biodiversity; community study; Santa Catarina; species richness; survey. 
INTRODUCTION
The araucaria forest is a characteristic south Brazilian (figure 1) and featured an original range between 200,000 and 250,000 square kilometers, which spread over the southern states (40% in Paraná, 40% in Santa Catarina and 20% in Rio Grande do Sul) and as discontinuous patches in the higher parts of the Serra do Mar, Paranapiacaba, Bocaina and Mantiqueira mountain ranges (in the States of São Paulo, Rio de Janeiro and Minas Gerais) and in Argentina (SCHAEFFER & PROCHNOW, 2002) (figure 2). It is an ecosystem of the Atlantic Forest domain, characterized by the dominant presence of the Brazilian pine (Araucaria angustifolia), a conifer with a straight cylindrical trunk and cupshaped treetop that gives a peculiar aspect to the landscape along with the maritime pine (Podocarpus lambertii) and, in the understory, Lauraceae (Ocotea porous, Ocotea odorifera, Ocotea pulchella) and Aquifoliaceae (Ilex paraguariensis, Ilex theezans) (KLEIN, 978) . Those forests occur in the cooler areas of Brazil, where there is a strong occurrence of fog and frost (three to more than 30 episodes per year) and snow (at least one episode per year in the highest areas) (NIMER, 990) . Studies about bee communities were held in Araucaria forest in Parana state by Laroca (974) , Bortoli & Laroca (990) , Bazílio (997) and Jamhour (998) ; in Rio Grande do Sul state by Wittmann & Hoffmann (990) , Wilms et al. (997) and Harter (999) and in Santa Catarina state by Orth (983) , Ortolan & Laroca (996) , Krug (2007) and Krug (200) . However, in the northeastern part of Santa Catarina state, a sedimentary plateau region, the araucaria forest apifauna is not known.
To fill this knowledge gap, and define the characteristic bee species of the araucaria forest ecosystem, a survey of bee species and their floral resources was conducted. The hypotheses of this work were: -bee families and species follow a pattern related to geographical distribution; 2 -bee species richness and abundance follow a distribution model linked to seasons; 3 -bee species found have a known distribution for Santa Catarina; 4 -Apis mellifera species have an influence on the bee community; 5 -plant species characteristic of araucaria forest are foraged by bees; 6 -ecological indexes show high values; 7 -there are bee species characteristic of araucaria forest formation.
MATERIAL AND METHODS

Study area
The study was conducted in Santa Catarina state, southern Brazil, at the locality of Areal in the municipality of Mafra, (26 o 07'25"S 49 o 6'39"W (Greenwich) (SECGP, 990) . The regional climate is characterized by mild summers, with temperatures of the coldest month below 8 o C, with numerous strong frosts, well distributed rainfall during the year, average annual rainfall of 250-500 mm, relative humidity around 85% (http://cidades.ibge.gov.br/painel/historico.php?codmun=4200 accessed on Oct 28, 205). The area is on a wavy to slightly wavy plateau, with small altimetric variations and mean altitude of 850 m (IBGE, 990). The region is in the Iguaçu River Basin, by the border between the states of Santa Catarina and Paraná (PRATES et al., 986) . The current local vegetation is composed of large fragments of araucaria forest, interspersed among with crops fields (IBGE, 1995) .
Methodology
Daily sampling period was of six hours, in the warmest hours of sunshine days. Observations were independent of daylight saving time. Thirty samplings were conducted, from January 200 to December 2003, resulting in a 360 hours sampling effort. Data were obtained using the method employed by Sakagami et al. (1967) : bees were collected on flowers in an area of approximately 30 ha., over a fixed route of approximately 3000 m, including trails and abandoned roads. Bees were captured with entomological nets, prepared and identified to genus with the aid of literature (MICHENER et al., 994; SILVEIRA et al., 2002; MICHENER, 2007; MOURE et al., 203) and to species with the collaboration of experts (see Acknowledgements). Foraging specimens of Apis mellifera Linnaeus, 758, were recorded in the field not collected. Plants on which bees were captured were recorded, photographed, collected, herbalized and identified with the aid of the literature and the collaboration of experts (see Acknowledgements). All sampled material is deposited in the Bee Laboratory of UNIVILLE (LABEL). Temperature and relative humidity were recorded.
Bees and plants assemblages were characterized qualitatively and quantitatively, considering the numbers of individuals (abundance) and of species (richness). Data collected in different sampling days in the same month were pooled in a single monthly sample. The following ecological indices were computed and calculated on Excel program: the diversity index of Shannon-Wiener (KREBS, 989), evenness (PIELOU, 977), dominance (SIMPSON, 949) , species accumulation curve (COLWELL & CODDINGTON, 994) and the jackknife and jackknife 2 richness estimators (PALMER, 99). The indices calculated for the study area were compared with the same ratios, calculated to other study sites with Araucaria forest that could enable the comparison, that is, that were performed with the Sakagami et al. (967) methodology. The Sørensen Similarity Quotient (QS or SI) was calculated (SOUTHWOOD, 97) in order to compare data from this study with those of other surveys performed in similar environments.
RESULTS AND DISCUSSION
A total of 2,749 bees were sampled, belonging to 93 species of the five families of Apoidea present in Brazil (table ) . Some taxa could not be identified to species because of lack of identification keys including Brazilian species (MARQUES & LAMAS, 2006) . Those species were separated into morphospecies for analysis, following morphological descriptives of CRABEU (LABEL's collection of bees) (SILVEIRA et al., 2006) . Moure et al. (203) . Bee famillies and species pattern and geographical distribution
The decreasing sequence of numbers of bee species by family was (separating the Apidae in corbiculate and no corbiculate): no corbiculate Apidae (32 species)> Halictidae (27)> Andrenidae (4)> corbiculate Apidae (9)> Megachilidae (6)> Colletidae (5). The decreasing sequence of numbers of individuals per family was (separating the Apidae in corbiculate and non corbiculate): corbiculate Apidae (2458 individuals)> Halictidae (0)> non corbiculate Apidae (76)> Andrenidae (60)> Colletidae (24)> Megachilidae (2). The most abundant bee species were Apis mellifera, Trigona spinipes, Bombus pauloensis, Augochlora (A.) sp. 02, Dialictus sp., Callonychium petuniae, Plebeia emerina, Megachile (Moureapis) maculata, Hexantheda missionica, Cephalurgus anomalus, Melipona marginata, Anthrenoides petuniae and Augochloropsis sp. 04. Of the 93 bee species observed, 82 were represented sampled with up to 0 individuals in the sample.
The sequence of family predominance did not follow the pattern usually reported for the temperate and subtropical portions of the Neotropical region whereby Halictidae, non corbiculate Apidae, corbiculate Apidae and Megachilidae have the highest proportion of species and Andrenidae and Colletidae are little abundant groups (between % and 0% of the total number of species) (MARTINS, 994). On the other hand, according to Steiner et al. (2006) , in terms of species richness for bee families in the southern region of Brazil, faunistic inventories can be distinguished in two main groups: those in which corbiculate Apidae and non corbiculate Apidae prevail (the case of the southern Brazilian coastal zone, associated to the Atlantic Rain Forest; and inventories in which Halictidae prevail (the case of inner regions of Santa Catarina). Data from the present study do not exactly conform to this pattern because Halictidae was second place in number of species as well as in number of sampled individuals.
In terms of community structure, the bee's species association found have many rare species and few abundant ones, in a pattern that Alves-dos- Santos (2007) mentions similar to what happens in other biological communities in southern Brazil.
Bee species richness and abundance distribution and seasonality Except for Apis mellifera and Trigona spinipes which were present throughout the year in relatively stable numbers, a decrease in species richness was observed during the cold seasons (figure 3a), from May to August, when only Augochloropsis sp. 0, Augochloropsis sp. 0, Exomalopsis tomentosa, Neocorynura aenigma and Paroxystoglossa brachycera were sampled. In July, no bees were sampled but Trigona spinipes and Apis mellifera. No species were observed exclusively during the winter. Many species were sampled only one ou two times. A bivoltine pattern, with peaks in May and September-November, was observed, for both species richness and abundance (figures 3b and 3c). The bivoltine plan of species richness and individuals abundance correspond, respectively, to the Indian summer (that occurs in May when it´s autumn) (MONTEIRO, 200) and to spring, in a southern shape of bee diversity (ALVES-DOS-SANTOS, 2007). Bee species distribution in Santa Catarina state Among the bee species sampled in this work (93), 29 species (3.8%) (marked with an asterisk in table ), were nor recorded before in Santa Catarina, according to Moure et al. (203) . Most of these species were known to occur in neighboring regions (Paraná and Rio Grande do Sul states in Brazil; Santa Fé, Mendoza and Misiones provinces in Argentina; Paraguay and Uruguay). These new records refer to species belonging to Colletidae (3 species), Andrenidae (0), Halictidae (4), Megachilidae () and non corbiculate Apidae ().
Apis mellifera species in the bee community
The monthly species diversities considering and not considering A. mellifera were different. Without A. mellifera, the highest diversity was reached in February (3,08), the highest eveness in January (0,94) and the highest dominance in July (,0). The lowest diversity was recorded in the winter (June, July and August).
Plant species characteristic of araucaria and bee species
Bee species were recorded on the flowers of 125 plant species, belonging to 40 families (table 2). The most visited families were Asteraceae (40 species/32%), followed by Fabaceae/Solanaceae (8 species each/6,4%), Euphorbiaceae/Lamiaceae (5/4%), Malvaceae/Rosaceae (4/3,2%) and Commelinaceae/Cucurbitaceae/Liliaceae/Verbenaceae (3/2,4%) (figure 4). There were 48 (38,40%) plant species that are characteristic of araucaria forest (according to Gasper et al. (203) and signaled with an asteristic in table 2). Gasper et al. (203) . Legend: * = characteristic of araucaria forests according to Sevegnani et al. (203) . The number of bee plants sampled in this work (25) is higher than most of the ones reported in other studies done in araucaria forests as Orth (983) Bees forage as well in the canopy as in the understory but in the present study were sampled on the flowers in the ground, mainly in the understory of the araucaria forest, where there is a great and complex variety of plants, including many characteristic and endemic species (LEITE & KLEIN, 990) as the araucaria forest of the plateau includes ,07 spécies of trees, schrubs, herbs, vines, ephytes and, among these, 8 spécies of ferns and two Pinidae (Gymnosperms) (SEVEGNANI et al., 203) .
Plant species visited by the bee species and specially related to araucaria forest included, among others, genera Baccharis, Chromolaena, Mikania, Senecio and Vernonanthura (Asteraceae), Mimosa (Fabaceae), Hyptis (Lamiaceae), Myrceugenia (Myrtaceae), Borreria (Rubiaceae), Petunia and Solanum (Solanaceae), Verbena (Verbenaceae). Many of these taxa are reported as attractive to bees by the other studies mentioned, performed in araucaria forests. Because of its botanic richness, many beekeepers install their hives in this kind of ecosystem, thus increasing the presence of Apis mellifera in araucaria formations.
Ecological indexes and other araucaria studies
The monthly variation of the species diversity, as measured by Shannon-Wiener, Simpson and Pielou´s indices, is presented in table 3 and figures 5 and 6. Shannon-Wiener's median value was of 2.65, Pielou's median value varied from J" = 0.307 (including A. mellifera) to J" = 0.586 (excluding A. mellifera), and Simpson's median values resulted in D = 0.54 and D = 0.207 (with and without A. mellifera, respectively). It is observed that the Shannon-Wiener (SW) diversity index obtained in this study (2.65) is a median value, lower than those calculated for the other studied araucaria formations (table 4), except for the work of Orth (983) . The fact that SW index have not been very high compared to other studies conducted in similar formations can be explained by the fact that its calculation takes into account also the abundance of each species, which ultimately influence the outcome of actual diversity of the place (MAGURRAN, 2004) . When analyzed month by month, one observes that the SW shows a big drop in winter and another, smaller, in the summer peak, in a seasonal pattern, which PinheiroMachado (2002) reports, for bee surveys in South Brazil, as a model of temperate activity. SW showed litlle fluctuation when it took into account A. mellifera in the calculations. Excluding this species, the diversity plummeted during the winter. Table 4 -Diversity index of Shannon-Wiener (SW), equability of Pielou (P) and dominance of Simpson (S), calculated for studies done in araucaria forest in southern region of Brazil. The distance refers to the municipality of Mafra (this study). Regarding evenness, Pielou's index obtained in this study (0.586 excluding A. mellifera) indicates no great dominance, among native species, of one or a few species, as it´s an intermediate value, setting that a little more than half of the species are equally abundant with each other. In the other araucaria sites studied, the values were higher, denoting that there were more also abundant species. The evenness ranged from 0.79 in November to 0.27 in July, possibly due to, in late winter, plenty of individuals being concentrated in a few species, which are those that remain active in the cold season. The variation of the values of Pielou´s index has not been addressed in studies of bee communities, although it is possibly linked to effects of interspecific interactions.
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Simpson's index (indirect or -D) obtained in this study (0.793) expresses a context of little dominance, which is most evident in other studied araucaria sites. The index was relatively stable when it took into account A. mellifera. Excluding this species, the dominance soared during the winter. A. mellifera was the most dominant species throughout the period and, in its absence, few species dominated during winter. A. mellifera is an exotic species to Brazil, often reared in countryside, and, in several regions of secondary vegetation, has overcome in number of individuals all the others species of wild bees (LAROCA, 974) .
The bee species accumulation curve (figure 7) remained in ascension till the end of the sampling, indicating that there are still more species to be sampled in the area. The observed richness (93 species) was used for calculating the richness estimators jackknife and 2, which indicated of the total bee assemblage in the area to be composed by 42 and 75 species, respectively. Species appearing only in one only one (singletons) or two (doubletons) samples were used as parameters to prevent the results from being affected by the high number of individuals of some species (COLWELL & CODDINGTON, 994) .
The number of species reached by the accumulation curve is 65.5% and 53.4% of the jackknife and 2 estimators, respectively. These numbers indicate that alternative strategies must be implemented on the study site in order to obtain a closer estimate of the apifauna (KRUG & ALVES-DOS-SANTOS, 2008) . The complete sample of local species is virtually impossible as one can not collect all the bee species occupying a particular area since all favorable climatic variations to the activity of all kind of species are unlikely to occur, mainly because of the fact that optimal conditions for some are unfit for others and therefore there is always a rising curve while sampling remains (SANTOS, 2003) .
Bee species characteristic of araucaria forest formation According to table 5, the number of bee species sampled in this work (93) is lower than the ones reported in other studies done in araucaria forest as Orth (983) reported 42 bee species, Bortoli & Laroca (990) 67, Ortolan & Laroca (996) 27, Bazílio (997) 27, Jamhour (998) 5, Harter (999) 87 and Krug (2007) 64. This situation may be due, among other possible explanations, to the degree of human interference on near restricted areas (culture exploitation, urbanisation processes) that alters the bee abundance and richness (ORTH, 983). The numbers obtained by Soerensen index were not very high but offer the possibility of comparison of the values, that is interesting by the parallelism it can show. The highest similarity was that of the apifauna of Porto União and Caçador, municipalities 47 and 96 km away respectively. Geographical proximity did not always explained similarity as neighboring localities such as São José dos Pinhais and Boa Vista (the nearest ones) showed low similarity with the study site of this work. According to Heithaus (979) and others, nearby environments, but with different vegetation types, involve quite distinct apifaunas while geographically distant plant communities, if physiognomically similar, have more analogous melissofaunas. The number of bee species in other araucaria forest sites in southern Brazil (table 5) is high, indicating that the apifauna of this plant formation is quite rich. The verification of the apifauna sampled in other works show some bee species in common (species appeared in at least three studies), that could be characterisitic of the araucaria forest, since their distribution is restricted to southern Brazil, in this type of plant formation or to neighboring countries, according to Moure et al. (203) . These are: Colletidae with one species (Chilicola dalmeidai), Andrenidae with three (Psaenythia bergi, P. colaris, P. quadrifasciata), Halictidae with eight (Augochlora semiramis, Caenohalictus implexus, Dialictus phleboleucus, Paroxystoglossa brachycera, Pseudagapostemon cyaneus, P. cyanomelas, Rhectomia pumilla), Megachilidae with three (Megachile apicipennis, M. nigropilosa, M. pleuralis), non corbiculate Apidae with three (Ceratina asuncionis, Lanthanomelissa betinae, Melissoptila larocai) and corbiculate Apidae with one (Plebeia emerina).
Pinheiro-Machado (2002) pointed out a regional fauna to southern Brazil, a fact exemplified by Orth (983) , who mentionned that the occurrence, in Caçador/ Santa Catarina, of many genera and species present bees in the Parana plateau (located approximately 300 km away) previews the existence of a common basic structure to the whole araucaria forest region in southern Brazil. The pattern of the apifauna sampled in this study stays at an intermediate standard between studies in Parana and Santa Catarina. According to Silveira et al. (2002) , it seems to exist an association between the bee species richness and the botanic formation, beyond the latitudinal gradient of species diversity, although the factors that determine this association are not apparent. Krug (200) , in turn, found high similarity between some bee communities and attributed this fact to a latitudinal pattern of richness.
The interactions observed between the plant species characterisitic of the araucaria forest and the apifauna permit a discern of the representation of this vegetation type along the time as it is known that the apifauna develops close relations, including co-evolutionary, with the plant resources that it explores (MOLDENKE, 994). Accordind to Behling (2002) , at the beginning of the last glacial period, araucaria forests were confined to gallery forests along the river courses; when temperatures got milder, these woods began to expand upwards the mountains and so, around 3,000 B.P., there were large areas of grasslands with scattered araucarias in the landscape, a vegetation which would have supported minimum temperatures down to -10°C. A significant expansion of montane araucaria forests upwards the high regions of southern Brazil is mostly found in records of Rio Grande do Sul and Santa Catarina States after ,000 years B.P., and of Paraná State (Serra dos Campos Gerais) after ,500 years B.P. (BEHLING & Lichte, 997) . The fact that there are still many bee species foraging on characteristic flora of araucaria forest is an evidence of the importance of this ecosystem. Nowadays, the araucaria forest is a very threatened environment. The knowledge about extant bee communities can help to understand its structure and evolution and support its maintenance.
